Background: Preterm-low birth weight delivery is a major cause of infant morbidity and mortality in sub Saharan Africa and has been linked to poor periodontal health during pregnancy. This study investigated predisposing and enabling factors as determinants of oral health indicators in pregnancy as well as the association between periodontal problems at 7 months gestational age and the infants' anthropometric status. Method: A community -based prospective cohort study was conducted in Mbale, Eastern Uganda between 2006 and 2008. Upon recruitment, 713 pregnant women completed interviews and a full mouth oral clinical examination using the CPITN (Community Periodontal Index of Treatment Need) and OHI-S (Simplified Oral Hygiene) indices. A total of 593 women were followed up with anthropometric assessments of their infants 3 weeks after delivery. Multiple logistic regression analyses were used to identify independent determinants of periodontal problems and use of dental services during pregnancy. Analysis of covariance (ANCOVA) was used to investigate the relationship between periodontal problems and the child's anthropometric status in terms of wasting, underweight and stunting. Results: A total of 67.0% women presented with periodontal problems, 12.1% with poor oral hygiene, 29.8% with recent dental visit and 65.0% with periodontal symptoms. Of the infants, 2.0% were wasted, 6.9% were underweight and 10.0% were stunted. The odds ratio of having CPI > 0 increased with increased maternal age and single marital status, and was lower in primiparous women and those who used mosquito bed nets. Mean wasting scores discriminated between mothers with CPI = 0 and CPI > 0 as well as between mothers with good and poor OHI-S scores. Conclusions: Socio-demographic factors and information about oral health were associated with oral health indicators in pregnant women. Second, the height-for-age status at 3 weeks postpartum was worse in infants of mothers having periodontal problems and poor oral hygiene during pregnancy. Efforts to prevent oral diseases during pregnancy should be part of the local state and national health policy agenda in Uganda.
Background
One in four adults suffers from periodontal disease and pregnancy is associated with increased susceptibility [1] [2] [3] [4] [5] . Pregnancy affects a woman's hormonal balance and acts as a modifying factor of the pathogenesis of periodontal disease [6] . Although pregnancy does not cause periodontal diseases, numerous studies have confirmed increased gingival inflammation occurring between the second and eight months of gestation [6] . Thus, pregnant women have a higher incidence of gingivitis compared with their non-pregnant counterparts and the prevalence rates vary between 36% and 100% [7, 8] . A recent study of pregnant women in Brazil revealed a prevalence of periodontal disease of 47% indicating a strong need for initiating oral care during early pregnancy [2] . Lieff et al. [9] , observed an increase in attachment loss between the moment women enrolled into their study at <26 weeks gestation and at delivery. Similar results have been reported from other studies conducted in developed as well as developing countries [10] [11] [12] [13] [14] [15] [16] [17] . Nevertheless, a number of case-control studies reported no difference in periodontal health between pregnant subjects and non-pregnant controls, leaving findings in this area inconsistent and conflicting.
Apart from the effects of hormonal changes, other factors such as HIV infection, lack of dental care, poor oral hygiene, smoking, low educational level, low employment status, increased age and ethnicity contribute to a worsened periodontal condition during pregnancy [2, 18] . Lieff et al. [9] observed that black women were more likely than white women to have periodontal disease both at enrollment into their study and delivery. Taani et al. [11] reported more aggravated at periodontal condition in pregnant women compared with non-pregnant controls even after adjusting for the effect of increasing age, long standing poor personal hygiene and changed psychological status. Unemployment, reflecting low socio-economic status, inaccessibility to dental care and unawareness of oral hygiene was significantly associated with increased gingival inflammation scores. There is a lack of research on socio-behavioral and clinical determinants of pregnant women's periodontal status and oral hygiene, particularly in developing countries.
Recent meta-analytical reviews have reported a positive association between maternal periodontitis and adverse pregnancy outcomes, such as prematurity, low birth weight infants and preeclampsia [19] [20] [21] [22] . Both case control-and prospective studies have shown that periodontitis precedes preterm birth [23, 24] . Severe periodontal disease in pregnant mothers has also been reported to be linked with low birth weight at full term delivery in low-and middle income populations [23, 24] . A recent survey of pregnant women in Tanzania did not confirm the hypothesis of periodontal disease as a risk factor for preterm low birth weight [17] . Studies on treatment of periodontal disease during pregnancy are conflicting in that some have shown a reduction in the rate of preterm births, whereas others have not [24] . Low birth weight infant delivery, defined by the World Health Organization as a birth weight of <2500 gram presents a major health problem in developing countries. Low-birth weight babies are at increased risk of serious health problems, lasting disabilities and even death. Preterm-low birth weight is the second leading cause of infant death and its incidence continues to rise [5, 25, 26] . In the Ugandan population, 24% of neonatal deaths are purported to be due to preterm births [27] .
Purpose
Information on periodontal status, oral hygiene and use of dental care during pregnancy emanating from sub-Saharan Africa is rare. Few studies have investigated the relationship between oral health indicators in pregnant mothers and birth outcomes in this socio-cultural context. The present study set out to describe clinical-and self-reported aspects of periodontal-and oral hygiene status as well as use of dental care services in relation to predisposing (i.e. place of residence, age, education, marital status, parity and previous still births) and enabling factors (i.e. antenatal care, information received about teeth) among pregnant women in an ethnically homogenous black African population. The relationship between oral health indicators at 7 months of gestational age and anthropometric status of infants 3 weeks postpartum was also examined.
Methods
Participating women were members of a multi-center cluster-randomized behavioral intervention trial: Safety and Efficacy of Exclusive Breast feeding Promotion in the era of HIV in Sub Saharan Africa -PROMISE EBF (Id NCT00397150 at http://clinicaltrials.gov) conducted in Uganda, Burkina Faso, Zambia and South Africa. The aim of PROMISE EBF was to develop and test an intervention to promote exclusive breastfeeding, to assess its impact on infants in African contexts and to strengthen the evidence base regarding optimal duration of exclusive breastfeeding [28] . In Uganda, the Mbale district was purposively selected as the intervention site. The units for randomization were clusters made up of 1-2 villages with an average of 1000 inhabitants (35 infants per year given a birth rate of 3.5%). All pregnant women in 24 clusters (18 rural and 6 urban), were eligible for the study. Clusters were selected according to accessibility in terms of being on a main road with reasonable standard especially during the rainy season, access to church, school, trading center and water from the village well. The women were recruited into the PROMISE EBF study between January 2006 and June 2008. There were a total of 6 interviews and 1 oral examination scheduled for each participant: a recruitment interview and a clinical oral examination at 7 months of gestational age, followed by interviews of mothers and anthropometric measurement of infants at 3-, 6-, 12-, and 24 weeks post-partum. Women who did not intend to breastfeed and infants born with serious diseases or deformities that prevented breastfeeding were excluded from participation.
A total of 886 pregnant women were eligible for the study and information was obtained from 877 of the participants (participation rate 98.9%) (mean age 25.6, SD 6.4). Of these, 713 women participated in the oral interview and clinical oral examination conducted between 2006 and 2008. The number of participants satisfied a sample size of 800 pregnant women calculated for the oral sub study, assuming a prevalence of tooth loss (i.e. at least one tooth lost) of 50%, a precision of 0.05 and a design effect of 2. At three weeks post-partum, 635 mothers were re-interviewed in their homes and 593 of their infants were assessed for anthropometric status. The procedures of recruitment and participation are detailed in the PROMISE EBF study profile [18, [29] [30] [31] . Ethical Clearance was obtained from the Ethical Review Board, Faculty of Medicine, Makerere University. Written consent was obtained from all participants in the study and prior to each examination and interview a verbal consent was obtained.
Interviews
Structured interviews, designed on a desk-top PC using Epi-Handy and then down loaded to handheld computers, were conducted in face-to-face settings with participating women at household level. The interview schedules were developed in English and translated into the local language of Lumasaba. Oral health professionals reviewed the interview schedule for semantic, experiential and conceptual equivalence. Sensitivity to culture was considered and words selected appropriately. The interview schedules were piloted before administration. Gilbert [32] has described a model that explicitly conceptualizes the relationship of oral health conditions with predisposing and enabling immutable and mutable factors, such as socio-demographics, parity (predisposing factors) and exposure to oral health counseling during pregnancy (enabling factors). This model was used to guide the identification of exploratory variables utilized in this study. The following self-reported outcome variables were assessed: Use of dental care was assessed by asking "When was your last dental visit "and recorded as (0) never attended and (1) within the recent 6 months or more seldom. Periodontal symptoms were measured by five items in terms of "During the previous 3 months have you experienced: bleeding gums when brushing/ eating, spontaneous bleeding from gums, pain in gums, changed gum color, swollen gums?" Each item was recorded as (0) no and (1) yes. A sum score was constructed by adding the items and dichotomizing based on a median split into (0) mild symptoms, (1) severe symptoms. Predisposing explanatory variables were identified as place of residence, age, educational level, marital status, parity and previous birth outcome experience. Enabling explanatory variables related to information received about own teeth/child's teeth were assessed by 6 items in terms of "have you ever received information regarding how to take care of own teeth from health worker, dentist, radio, MCH clinic, newspapers and other sources?". Each item was recorded as (0) no and (1) yes. A sum score was constructed and dichotomized into (0) never received information and (1) received information from one or more sources. A similar score was computed for information received about children's teeth. Attendance at antenatal care and use of bed nets were each recorded as (0) no and (1) yes. The predictor variables employed and their coding are depicted in Table 1 .
Clinical oral examination
A trained and calibrated dentist (MW) carried out oral examinations under field conditions based on the WHO criteria [16] . An assistant recorded the data on a prepared record sheet. All fully erupted permanent teeth were scored excluding third molars. All examinations were performed at household level with subjects seated on the left hand side of the examiner who used a headlamp as source of illumination. No radiographic examination or drying of teeth was performed. The periodontal status was assessed using a plane -faced dental mirror and a specially designed lightweight CPITN probe with a 0,5 mm ball tip. Using the epidemiological part of the CPITN, the Community Periodontal Index (CPI) [15] with 10 index teeth (17,16,11,26,27,47,46,31,36 and 37) and 6 sextants per individual, four indicators of periodontal status were applied. Periodontal pockets were measured from the edge of the free gingiva to the bottom of the pocket. The criteria used were; healthy (code 0), bleeding on probing observed (code 1), calculus detected during probing (code 2), pocket 4-5 mm (code 3) and pocket >5 mm (code 4). Each index tooth was scored on two sites (buccal and lingual) and each sextant was scored according to its highest CPI score. In accordance with the hierarchical assumption, teeth with score 3 were assumed positive with respect to bleeding and calculus whereas teeth with score 2 were assumed positive with respect to bleeding [33] . Prevalence of healthy-, bleeding-, calculus and pocket sextants was assessed as the percentage of subjects affected (having at least one sextant affected). Severity of periodontal condition was assessed by the mean number of sextants having CPI code 0-3 and by the mean number of sextants in affected persons. The CPI recordings, total CPI, were also presented as the percentage distribution of dentate subjects according to the highest score in the mouth. Oral hygiene status was measured using the Oral Hygiene Index-Simplified (OHI-S) by Greene and Vermillion [34] . The index has two components (debris index-simplified (DI-S) and calculus indexsimplified (CI-S). Debris and calculus were graded on a numeric scale from 0 to 3, divided by number of sites recorded and categorized in terms of low debris/calculus (0) (score 0.0-0.67) and fair debris/calculus score (1) (score 0.69-1.67).
Anthropometric status
A total of 593 infants were examined regarding their weight and recumbent length in accordance with the WHO recommendations [35] . Standardized 25 kg portable Salter Spring scales measuring to the nearest 0.1 kg were used to determine weight. Recumbent length was measured to the nearest 0.1 cm with specially designed length boards. Using the WHO Child Growth Standards [35] , anthropometric indices were constructed on the basis of weight, length, age and sex. Wasting was defined as weight-for-height z-scores (WHZ) < −2 SD, stunting as height-for-age z-scores (HAZ) < −2 SD and underweight as weight-for-age z-scores (WAZ) < −2 SD [35] . Predisposing and enabling variables used as explanatory variables in the analyses as well as the outcome variables and the numbers of subjects (%) according to categories are depicted in Table 1 .
Reproducibility
Duplicate clinical examinations were carried out with 50 mothers considered to be representative of the study participants after a period of one month. Kappa values for indicators of periodontal condition ranged from 0.48 (CPI index tooth 11) to 0.85 (CPI index tooth 31). The figures indicate moderate to good intra examiner reliability [36] .
Statistical analysis
Data was entered into the Epi-Handy program on the handheld computers and analyzed using SPSS version 19.0 (Chicago, IL, USA). Cross tabulation, chi square statistics and ANOVA were used to assess bivariate relationships. Multiple variable logistic regression analyses were conducted with maternal oral health indicators as dependent variables using the logit model and 95% confidence intervals (CI) for the odds ratios. ANCOVA was used to assess the relationship between children's anthropometric status and mothers' periodontal status during pregnancy.
Results

Description of the study sample
A total of 877 (mean age 25 yr, SD 6.4) pregnant women consented to participate in the recruitment interview of whom 713 (mean age 25 yr, SD 6.0) underwent oral clinical examination, and 635 completed post-partum interview 3 weeks after delivery. As depicted in Table 1 , 26.7% of the pregnant women were resident in urban areas whereas 73.3% in rural, 32.3% reported education above primary school level, 61.8% were married and 73.3% had visited antenatal care during pregnancy.
Non-response analyses
Of the 877 women who completed the recruitment interview, 164 (18.7%) did not undergo clinical oral examination.
To analyze the possibility of selection bias, a comparison was made of the socio-demographic characteristics of participants (n = 713) and non-participants (n = 164) of the oral clinical examination. The frequency distributions of age, education, and parity were similar between the two groups. However, 78% of non-respondents versus 68% of the respondents had never visited a dentist (p < 0.05). Sociodemographic characteristics were also compared between participants (n = 635) and non-participants (n = 242) of the 3 week post-partum interview. No substantial differences were found except that there was a higher percentage of urban residents among non-participants than among participants (34% versus 24%, p < 0.05).
Maternal oral health indicators and infants' anthropometric status
A total of 67% mothers presented with CPI score ≥ 1, 12.1% had fair to poor OHI-S scores, 28.8% had received dental attendance within the previous 6 months and reported severe periodontal symptoms ( Table 1 ). The mean number of sextants with CPI score 0, CPI score 1 or higher and CPI score 2 or higher amounted to 4.5 (95% CI 4.4-4.6), 1.4 (95% CI 1.2-1.5) and 1.2 (95% CI
1.2-1.3), respectively (not in table)
. The proportion of women in urban areas having a total CPI scores of 0 was 37.0%, 4,4% had a CPI score of 1, 56.9% had a CPI score of 2 and 1.7% had a CPI score of 3. In rural areas these percentages were 31.7%, 2.8%, 65.3% and 0.2% respectively (not in table). Compared to participants in the youngest age group, higher proportions of older women showed CPI ≥ 1, reported severe periodontal symptoms, had recently had a dental visit and presented with poor OHI-S scores. Compared to their primiparous counterparts, larger proportions of multiparous women presented with CPI ≥ 1 and periodontal symptoms ( Table 2) . Of the infants, 2.0% showed WHZ < −2 (wasting), 6.9% showed WAZ < −2 (underweight) and 10.0% showed HAZ < −2 (stunting), respectively. With few exceptions, anthropometric measures did not vary systematically with predisposing and enabling factors ( Table 3) .
Multivariable analyses
Adjusted OR (95% CI) from logistic regression analyses is presented in Table 4 . All predisposing and enabling factors that showed a statistically significant association with maternal oral health indicators in bivariate analyses were included in the multivariable models.Tthe ORs for having CPI ≥1 were higher for women aged 21-30 yrs (OR = 1.8, 95% CI 1.2-2.8), and 31-45 yrs (OR = 3.7, 95% CI 2.1-6.6) compared with their counterparts below 21 yrs. The ORs for having CPI ≥ 1 were lower in married women (OR = 0.4 , 95% CI 0.2-0.9) and cohabiting women (OR = 0.3, 95% CI 0.1-0.8) compared to single mothers. Primiparous mothers and mothers using mosquito bed nets were less likely to have CPI ≥ 1 than their counterparts in the opposite groups. Older women (OR = 1.7, 95% CI 1.0-2.8)) and women who had received oral health information during pregnancy (OR = 1.5, 95% CI 1.0-2.5) were more likely than their counterparts to report periodontal symptoms. The ORs for having visited a dentist within the previous 6 months increased with increasing age, higher educational level (OR = 1.6, 95% CI 1.2-2.3), and with oral health information received (OR = 1.7, 95% CI 1.2-2.6). The OR for having visited a dentist was lower for primiparous compared witho multiparous women (OR = 0.4, 95% CI 0.2-0.6). As depicted in Table 5 , adjusting for maternal age revealed average wasting (HAZ) scores that discriminated statistically significantly between mothers with (−0.26, SD 1.2) and without (−0.48, SD 1.2) CPI ≥ 1 and between mothers having good ( −0.36 SD 1.2) and poor/ fair OHI_S scores (−0.70 SD 1.1) (p < 0.05) at 7 months of gestational age.
Discussion
Periodontal disease during pregnancy was influenced by greater maternal age, single marital status, being primiparous, having received oral health information and using mosquito bed nets. Wasting status at 3 weeks postpartum was worse in infants of mothers with periodontal problems. Studies of periodontal condition during pregnancy vary with respect to ethnicity and sociodemographic features of the populations investigated. Definitions of disease parameters, such as gingival bleeding, probing pocket depths and attachment and alveolar bone loss and the number of sites per tooth and number of teeth examined per individual also vary across studies [2, 5, 9] . These inconsistencies influence the results and limits valid comparisons between studies [37] . Numerous studies have shown that estimates of prevalence and severity as well as distributional characteristics of periodontal condition vary according to the method used for recording [37] . In this study, the CPI, [15, 16] was deemed an appropriate screening system since the clinical examinations were carried out at household settings. Although CPI scores 1 and 2 primarily reflect gingival inflammation, bleeding and calculus, conditions that do not necessarily progress to periodontal destruction, this index has been used extensively to reflect periodontal health in various populations in Europe, Kenya, Tanzania and Ethiopia [3, 4] .
The overall findings of this study, characterized by low prevalence of bleeding, high prevalence of calculus and infrequent occurrence of shallow pockets, is consistent with findings in African populations in general [3, 4] . Studies using the CPITN have indicated that the prevalence of severe periodontal disease is low in the general populations of sub Saharan Africa [3, 4, 13, 14] . Moreover, the oral hygiene has been described as poor with plaque and calculus accumulating with increasing age [3] . The low prevalence of periodontal condition revealed by the present study was supported by a moderate prevalence of women showing poor oral hygiene status (12.1%), but was at odds with the substantial rate of self-reported periodontal symptoms (65.4%). Considering the limitations associated with the CPI scoring system and that this method does not provide a complete measure of periodontal disease, the present study demonstrated shallow pockets of 4-5 mm amounting to 1.7% in the urban and 0.2% in the rural participants, whereas 67% presented with any sign of periodontal disease (CPI ≥ 1). Miyazaki et al. [7] found a prevalence of 31% shallow pockets in pregnant Japanese women, whereas the prevalence of any periodontal disease amounted to 97%. Compared to an earlier study of Ghanaian pregnant women with mean number of bleeding sextants amounting to 3.2 and 1.9 in second and third trimester [14] , the corresponding figure of 1.2 observed in this study was moderate. Consistent with the present results, other studies from sub-Saharan Africa have reported on shallow pockets among postpartum women in all age groups, whereas in pregnant women shallow pockets have been observed in 25-45-year-olds during the second trimester and in [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] year -olds during the third trimester [17] . Some studies have documented no worsening of clinical attachment loss during pregnancy, but a progressive increase in plaque and bleeding scores with a peak level occurring at seven months of gestational ages [10] [11] [12] . Since only one clinical examination was performed, it was not possible to affirm any exacerbation of pre-existing or early periodontal disease among the pregnant women investigated in the present study. Moreover, using the number of women with bleeding, calculus and pockets instead of attachment loss as periodontal outcome variables focuses the extent of the infection at the time of the survey more than the consequences of previous disease processes. Several determinants of maternal oral health indicators were identified, suggesting that subgroups of women may be at increased risk of deteriorating oral health during pregnancy. A pattern of positive associations between periodontal disease and age has been found in numerous studies globally and among Ugandan students where similar age distributions were observed regarding both aggressive-as well as chronic periodontitis [38, 39] . Moreover, the present findings accord with a strong social gradient in periodontal disease reported previously [2, 18] . In this study, use of mosquito bed nets and marital status were used as surrogates of socio-economic status [40] . Previous studies with the cohort of Mbale women revealed that perinatal deaths were associated with preterm birth, malaria and complicated deliveries [27] . In this study, pregnant women who reported use of mosquito bed nets were less likely to have periodontal disease while single mothers were more likely to have poor OHI-S status. In accordance with some previous investigations but at odds with others, parity was positively associated with periodontal disease. This association was maintained even after adjusting for relevant covariates such as the possible effect of increasing age which is often associated with multiple pregnancies [11, 39] . Scheutz and Baelum [13] reported no association between parity and tooth loss, whereas attachment loss was found to be more pronounced in multiparous than in primiparous women in Tanzania. A positive association between parity and periodontal disease might be attributed to accumulated tissue destruction across time rather than an intrinsic parity-related abnormality.
Although about one third of the pregnant women investigated had their last dental visit within the previous 6 months, primiparous women were more likely to document such a visit than their multiparous counterparts. The limited frequency of dental visits corroborates findings pertaining to pregnant women from other cultures [41, 42] . One possible explanation is that pregnant women tend to avoid dental care because they believe poor oral health to be a routine consequence of pregnancy and because of fear that dental care would harm the fetus [5] . Although The American Academy of Periodontology recommends maintenance of oral hygiene during pregnancy, only about 20-40% of pregnant US women receive dental care [42] . In this study, higher proportions of women educated above primary school level and having received information on oral health had visited a dentist. Thompson et al. [39] observed that women with a low level education were less likely than their higher educated counterparts to report tooth cleaning during pregnancy. Participants of the present study came from an area with low economic resources and where the access to dental care is poor. In such settings prevention and treatment of oral diseases has not been strongly advocated [43] . Low rates of dental attendance might be attributed to few available dental clinics and a low priority given to this service in the Ugandan sociocultural context where prevailing levels of communicable diseases, poverty and restructuring of health systems are more important concerns. Height-for-age scores at 3 weeks postpartum were significantly lower in infants of mothers having CPI scores > 0 and poor oral hygiene during pregnancy. Under the assumption that poor anthropometric status at 3 weeks post-partum may be one possible consequence of preterm low birth weight, the present results may add to the evidence of a positive relationship between periodontal problems and poor pregnancy outcomes [19] [20] [21] [22] [23] [24] . However, this finding should be interpreted with caution as many unmeasured factors, such as feeding practice immediately after birth and infectious diseases, might have confounded the observed association in this study. Moreover, it cannot be ruled out that unaccounted factors such as smoking, maternal weight, anemia and other medical problems may have confounded the estimates presented, either positively or negatively. Future studies involving populations with a low risk of severe periodontitis should enroll larger samples. As the present study was based on recruited women in PROMISE-EBF, it was limited by the sampling methodology used. Thus, the results of this study should not be generalized to the whole population of Ugandan women or to the population of pregnant women in Mbale. However, prospective and interventional studies provide the most important evidence related to a possible relationship between maternal oral health status and infants' post-partum anthropometric status, and the major strength of this present study is its longitudinal design.
Conclusion
Socio-demographic factors and oral health information were independently associated with periodontal status, oral hygiene and use of dental care in pregnant women in Mbale Eastern Uganda. Second, the height-for-age status at 3 weeks postpartum was significantly worse in infants of mothers having CPI scores > 0 and poor oral hygiene. Efforts to prevent oral diseases during pregnancy should be part of the local state and national health policy agenda and should focus on modifiable barriers to oral health care. When pregnant women have access to dental care and are motivated to use dental care on a regular basis both mother and child may experience benefits. Values are mean (SD).n = 519 * p < 0.05.
